Potential negative effects of the synthetic veterinary pharmaceutical, Ivermectin, on nontarget fauna have generated a search for less-toxic alternatives. Thus, Neem plant extract (Azadirachta indica A. Juss) has been used as a natural alternative to replace Ivermectin worldwide. However, little is known about the effects of this natural veterinary pharmaceutical's residues on the behaviour and physiology of adult dung beetles (Coleoptera: Scarabaeinae), which use livestock dung as a feeding and nesting resource.
Abstract
19 Potential negative effects of the synthetic veterinary pharmaceutical, Ivermectin, on non-target 20 fauna have generated a search for less-toxic alternatives. Thus, Neem plant extract (Azadirachta 21 indica A. Juss) has been used as a natural alternative to replace Ivermectin worldwide. However, 22 little is known about the effects of this natural veterinary pharmaceutical's residues on the 23 behaviour and physiology of adult dung beetles (Coleoptera: Scarabaeinae), which use livestock 24 dung as a feeding and nesting resource. To understand such effects, we performed a non-choice 25 experiment using Dichotomius nisus Oliver, 1798. We evaluated effects of Neem and Ivermectin 26 residues on the ecological functions of dung burial and soil bioturbation performed by dung 27 beetles. Additionally, we performed Soxhlet extraction of dung beetle body fat content to 28 evaluate physiological stress in response to ingestion of Ivermectin or Neem. Our results showed 29 that D. nisus do not alter their behaviour in the presence of Neem and Ivermectin residues in 30 dung when contrasted with the control after 48 hours. However, individuals feeding on dung 31 with Ivermectin residues for a period of twenty days had 5% more body fat content than those 32 from control and Neem treatments. Our findings provide the first evidence that Neem can be a 33 less toxic alternative to non-target fauna than Ivermectin. 
Dung collection

80
We used cattle dung produced according to three distinct regimes of parasite management 81 adopted on a privately-owned farm: 1) with Ivermectin, 2) with Neem and 3) untreated control. As a control, a further ten were not exposed to any veterinary products. We 90 collected the dung samples with Ivermectin residues after five days of Ivermectin application.
91 The dung samples with Neem residues were collected two weeks after Neem administration 92 started, as this was the activation period for pest control indicated on the product label. All 93 collected dung was taken to the laboratory and maintained in sealed containers at −5º C. The 94 dung was defrosted one day before being used in the experiments. 
Conclusion
168
Neem may offer an alternative pesticide treatment for farmers due to its lack of negative 169 effects on non target fauna. Identification of such alternatives has become particularly important 170 since the Brazilian government banned macrocyclic lactones with concentrations over 1% in 171 2014, because high levels of Ivermectin residues in cattle meat were above the safety limit for 172 human consumption. Nonetheless, further field tests evaluating the responses of dung beetle 173 communities to the use of Neem would provide a better assessment of the safety of its use.
174 Overall, our work shows that tests at multiple levels encompassing ecology, behaviour and 175 physiology of non-target fauna such as dung beetles may offer a broader assessment of the risks 176 associated with the use of synthetic or natural veterinary pharmaceuticals.
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